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Personal carbon trading: Trade-off and complementarity between in-home and transport related 
emissions reduction 
Abstract 
Personal carbon trading is a downstream version of the cap and trade approaches to mitigating carbon 
emissions from individual energy use. Although there are studies that investigate the theoretical and 
implementation issues, there is little evidence over the potential ways people could reduce their 
emissions when subject to a PCT policy. Especially little is understood about how people make tradeoff 
between or complement reducing emissions from transport and in-home energy use. This paper 
addresses this gap by reporting the findings of a questionnaire survey of stated intentions under the 
policy. Results show that, more people (53.6%) preferred to reduce their emissions from both 
transport and in-home energy use compared to from only one of these. This shows the flexibility 
offered by a cap including transport and in-home energy use is more efficient compared to a PCT 
covering either of these separately. Nearly three-fourths (76.2%) opted to reduce their emissions 
following a PCT policy. However, among those with above-budget initial emissions, a large share 
(79.6%) still could not reduce their emissions to below the budget and opted to purchase at least some 
permits to cover their emissions, indicating the difficulty in reducing emissions at the personal and 
household level.  
Keywords 
Personal carbon trading; acceptability; questionnaire survey; transport emissions; domestic 
emissions; energy end use 
1. Introduction 
The reduction of greenhouse gas (GHG) emissions  W of which carbon-dioxide is a major one  W has been 
a major environmental goal for most governments in the developed world. The UK government is 
legally bound to reduce its GHG emissions by 80% by 2050. While some progress has been made in 
different sectors of the economy in reducing GHG emissions and fossil fuel derived energy use, 
domestic energy use ĐŽŶƚŝŶƵĞƐƚŽƉƌĞƐĞŶƚĂƐŝŐŶŝĨŝĐĂŶƚĐŚĂůůĞŶŐĞ ?,ŽƵƐĞŚŽůĚƐ ?direct consumption of 
energy in-home and for travel purposes is responsible for 57% of the carbon emissions in the UK (Fell 
and King 2012) and around one-third to one-half in the EU countries. At present, all existing policies 
address energy use and carbon emissions for residential and travel purposes separately. Most of these 
policies also do not regulate carbon emissions from a sector or from a household and instead primarily 
focuses on carbon intensity or energy efficiency. For example, vehicle carbon efficiency is governed at 
the European level (carbon efficiency standard), while electric vehicle grants encourage a switch from 
Wadud & Chintakayala/Leeds; Personal carbon trading: in-home v transport; Ecological Economics; 2019  
2 
 
petroleum fuelled cars to electric ones. There are also soft policies to encourage users to switch from 
cars to more environment friendly modes such as buses, walking and cycling, all of which are less 
energy or carbon intensive. At the same time, there are policies in the housing sector to improve home 
energy efficiency and reduce carbon emissions, e.g. new-build housing efficiency standards or the 
Green Deal to retrofit houses in the UK. There is however an absence of potential policy instruments 
to address carbon emissions from transport and domestic energy use at the household level. This 
research investigates such an all-encompassing policy  W personal carbon trading (PCT)  W to reduce 
carbon emissions from the household end-use sector.  
While there has been some literature on PCT (Section 2 below), there is a gap in understanding the 
responses of households to such a policy. The primary objective of this research is to explore the 
potential response pathways of individuals to a PCT policy. We are especially interested in 
understanding the trade-off and complementarity between carbon mitigation options from travel and 
in-home energy use, i.e. which of these areas offer the greatest flexibility in terms of reducing 
emissions and where do we expect to see the most of the reduction. Considering the heterogeneity 
of the responses of different people, we also identify the attitudinal, socio-demographic and economic 
factors that affect the choice of emissions reduction from transport and in-home use under a PCT 
policy.  
The paper is laid out as follows. Section 2 discusses the literature on PCT, section 3 describes the 
survey and the modelling methods. Section 4 presents the results and discussion, while section 5 
draws conclusions.  
2. Review of literature 
Numerous studies exist on tax and tradable permit (also known as cap and trade) systems to control 
environmental externalities using the market (e.g. Stavins 1998, Pizer 1999, Wadud and Guhnemann 
2016; also see Tietenberg 2006). Theoretically, in the absence of transaction costs, taxes and tradable 
permits are equivalent in their efficiency and effectiveness, although important differences occur for 
practical application. Weitzman (1974) suggest that tradable permits are preferable over taxes, when 
there is an uncertainty over potential environmental damages, which is the case for climate change 
effects arising from carbon and GHG emissions. Tradable permits have become especially popular 
among policymakers and a number of emissions trading policies have been enacted: SO2 trading for 
clean air in the US, and carbon emission trading scheme of the European Union (EU-ETS) are two 
notable ones. Globally twenty regional or national carbon emissions trading markets are active at 
present (Wadud and Guhnemann 2016). However, all of these markets work on an upstream basis: 
only large polluters, which are often large manufacturers or utilities, are covered in these schemes.    
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Personal carbon trading (PCT) brings the concept of emissions trading to the downstream sector  W 
among households. Essentially, in this policy every individual or household is allocated a specific 
amount of carbon allowances or permits, which the individual or household can use to emit the 
specified amount of carbon, sell the extra allowances if they do not use up the entire allowance, or 
buy permits from other households (who have extra) to cover more emissions beyond the original 
allocation of permits, which becomes the carbon budget or target emissions. First proposed by 
Fleming (1997), who called it Tradable Energy Quotas, there were subsequent exploration of personal 
carbon trading by various researchers. Although, in theory a PCT can include both direct and indirect 
(i.e. embedded) carbon emissions, nearly all studies investigate direct emissions from energy use, 
either for in-home purposes, or travel and, in very few cases, both.    
A PCT is sometimes viewed as more effective in practice, given the presence of an absolute cap in 
emissions, which ensures certainty in carbon reduction. Researchers have also argued in favour of 
individual involvement in environmental policies  W for example, Ahlheim and Schneider (2002) discuss 
ŽĨ  ‘ǁĂƌŵ ŐůŽǁ ? ĞĨĨĞĐƚ ƚŚĂƚ ĐŽƵůĚ ŵĂŬĞ ĚŽǁŶƐƚƌĞĂŵ ƚƌĂĚŝŶŐ ŵŽre effective than upstream ones. 
Fawcett (2010) and Parag and Strickland (2011) also believe that PCTs could provide psycho-social 
incentives to change carbon and energy use behaviour, thus making them more effective than carbon 
taxes. However, Lockwood (2010 argues that PCTs may be less efficient compared to upstream carbon 
trading because of the transaction costs involved. Fan et al. (2015a, 2015b, 2016) and Li et al. (2017) 
investigate the theoretical properties of PCT scheme with respect to effectiveness, efficiency, stability 
of price and demand, etc. This stream of work primarily provides mathematical proofs of the 
suggestions made by other authors earlier.  
Social acceptability of a PCT scheme  W especially compared to a carbon tax  W was studied early on by 
various researchers: Howell (2012), and Owen et al. (2008) conducted small focus group studies (30-
90 respondents), while Bristow et al. (2010) conducted questionnaire surveys with a larger set of 
participants. The results were mixed, with neither policies acceptable by a majority, which is not 
unexpected as both tools would effectively raise the costs of using carbon-intensive energy sources. 
However, PCT consistently appeared to generate less negative views among the participants 
compared to a carbon tax. Bristow et al. (2010) concluded that the design features of each scheme 
are more important than the scheme itself and either could become acceptable to the majority of the 
population through appropriate design. Interestingly Bristow et al. (2010) and Zanni et al. (2013) also 
find that permit prices have little effect on the acceptability of PCT scheme.  
Wadud (2011) suggested transportation is especially suited to a PCT scheme because of the difficulty 
to decarbonize this sector given its low sensitivity to a price signal and continued global growth in 
passenger-miles or freight-miles travelled. Wadud (2008, 2011), Wadud et al. (2008), Raux (2004), 
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Raux and Marlot (2005) and McNamara and Caulfield (2013) investigate the introduction of PCT in the 
transportation sector and provide empirical insight on the potential distributional effects of such a 
policy in three countries: the US, France and Ireland. All of these studies estimate a fuel demand model 
or utilise existing elasticities of fuel demand and then use those elasticities to model the effects of PCT 
through the permit price mechanism. All found PCTs to be progressive in the transport sector and as 
such potentially politically and socially acceptable way of reducing carbon emissions from the 
transport sector.  
Interestingly, the elasticity-driven approach in the transport sector was not applied to understand the 
effects of PCT on domestic energy use, although there were several studies that investigate the 
distribution of burden or benefits arising from such a policy. Unlike the transportation PCT studies, 
which incorporate a consumer response to the PCT policy (which reduces energy consumption or 
carbon emissions) studies on PCTs for domestic energy use generally use static incidence analysis 
approach (i.e. natural responses to PCT induced price increase are not included, only additional 
costs/benefits due to price increase included). In the UK, PCT was generally progressive for domestic 
energy use (in-home + transport), with nearly 71% of the households in the lowest income decile 
benefiting from the policy (DEFRA 2008). Despite this progressivity, Starkey (2012) argues that equal 
allocation of permits does not necessarŝůǇ ƌĞƐƵůƚ ŝŶ  ‘ĨĂŝƌ ? ĂůůŽĐĂƚŝŽŶ ĨƌŽŵ ĞŶǀŝƌŽŶŵĞŶƚĂů ũƵƐƚŝĐĞ
perspective. This is because the households who are losing out may have less realistic options to 
reduce their emissions. Different permit allocation strategies have also been studied to moderate such 
adverse effects on the disadvantageous and vulnerable groups (e.g. Burgess 2016, White and Thumin 
2009, Wadud 2011).    
Another stream of literature on PCT discusses the practicality of the policy: the advantages and 
disadvantages, barriers to implementation and potential ways to integrate PCT with existing policies. 
These include Fawcett (2010), Eyre (2010), Parag and Eyre (2010), Parag and Strickland (2011). While 
PCT gained much purchase as a downstream policy instrument in the UK during the early years of 
2000, the Department for Environment, Food and Rural Affairs slowed its momentum substantially in 
2008 when it concluded P “ ?ǁŚŝůĞƉĞƌƐŽŶĂůĐĂƌďŽŶƚƌĂĚŝŶŐƌĞŵĂŝŶƐĂƉŽƚĞŶƚŝĂůůǇ ŝŵƉŽƌƚĂŶƚǁĂǇƚŽ
ĞŶŐĂŐĞŝŶĚŝǀŝĚƵĂůƐ ? ?ŝƚǁŽƵůĚ nonetheless seem that it is an idea currently ahead of its time in terms 
of public acceptability and the technology to bring down the costs ? (DEFRA 2008). One of the major 
concerns for any downstream policy addressing millions of consumers is monitoring and enforcement. 
However, because of rapid advances in technology in the past decade many of the previous barriers 
are coming down. For example, smart meters can be used not only for the utilities to balance load and 
use dynamic pricing, they can also easily keep track of and visually present energy usage of the 
consumer at small time slots. Web-based smart heating controls can be easily used to collect and store 
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ŚŽƵƐĞŚŽůĚ ?ƐĚŽŵĞƐƚŝĐĞŶĞƌŐǇƵƐĞĚĂƚĂ ?ƚƚŚĞƐĂŵĞƚŝŵĞǀĞŚŝĐůĞĂƵƚŽŵĂƚŝŽŶĂŶĚ GPS connectivity 
allow tracking of vehicles to monitor their energy use and carbon emissions. As such, at least the 
technological barriers to implementing a PCT scheme is substantially lower now than in 2008.   
While various aspects of PCTs have been studied, quantitative studies investigating potential 
responses to a PCT scheme are relatively scarce. Raux et al. (2015) and Zanni et al. (2013) both 
conducted choice experiments to understand options for households in order to comply with PCT and 
carbon tax policies in the transport and domestic energy use context. Bristow et al. (2010) also conduct 
a choice experiment, but the primary objective was to understand the PCT and carbon tax design, 
rather than understanding potential responses. In all of these studies respondents were primarily 
given several choice scenarios and asked to choose one.  
In theory, a PCT policy covering both transport and in-home energy use will offer more flexibility to 
the consumers to reduce their emissions, and as such will be more efficient (in the sense that 
emissions will be reduced at the least cost). As such, a policy covering all household-level emissions 
should be preferred compared to one covering only transport or only in-home emissions. An 
important aspect of PCT that did not receive much attention in literature is the various options in 
response to a PCT policy, especially the trade-off or complementarity between in-home and transport 
emission options. Only Zanni et al. (2013) suggested on the basis of a small survey (189 responses) 
that people prefer to reduce their in-home carbon emissions than emissions from transport. While 
Yang and Timmermans (2017) investigate the trade-off, it is not in the context to PCT. This paper 
addresses this gap in research further and explores the potential in-home and transport emissions 
reduction options under a PCT scheme using a stated preference questionnaire survey.  
3. Methods 
3.1 Survey design and data collection 
We conduct a questionnaire survey to understand the intentions of respondents in response to a PCT 
policy. Carbon footprint calculator from carbon independent (carbonindependent.org) that takes into 
consideration the emissions from in-home energy consumption (in terms of electricity, gas and other 
means such as oil, coal, wood etc.) and emissions from transport (that includes car and aviation) were 
ƵƐĞĚƚŽĐĂůĐƵůĂƚĞŚŽƵƐĞŚŽůĚ ?ƐĐƵƌƌĞŶƚĐĂƌďŽŶĞŵŝƐƐŝŽŶƐ ?The carbon budget was kept at 4t/yr following 
Bristow et al. (2010), i.e. each individual is allocated a free permit for up to 4t/yr of CO2 emissions. If 
the emissions are beyond this limit, an individual has to buy the required permits and if the emissions 
are below this limit then an individual can sell the unused permits at a given price to others. Only 
transport and in-home direct energy use were included in the permit allocation and emissions 
calculation.  
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A web based survey questionnaire was designed to collect the data. The questionnaire was 
deliberately designed not to be a discrete choice experiment questionnaire with an intention not to 
force participants to a specific choice but to give more flexibility in terms of what they wanted to do 
to reduce carbon foot print. Also, with the number of options considered in the questionnaire it would 
have been very difficult to come up with an efficient discrete choice experiment. The survey 
questionnaire has four parts. The first part is the carbon footprint calculator to understand the 
respondents ? current emissions and clearly show it to them. The second part consists of questions 
about individual ?s current travel patterns and attitudes towards climate change. The third part 
introduces the PCT scheme and questions around how and where (car, flight, in-home) they reduce 
their carbon emissions.  The respondents were continuously shown the carbon budget, how far they 
were above or below the budget and its financial implications (amount spent in buying permits or 
gained by selling permits) after each action taken. They were also allowed to move back and forth 
between the options to offer flexibility in making their choices. The fourth part of the questionnaire 
consists of questions on socio-demographics and acceptability of the PCT policy. The format of the 
survey is quite similar to Zanni et al. (2013) although our main interest is in PCT and on the tradeoff 
and complementarity between in-home and transport related emissions reduction possibilities, rather 
than a comparison of PCT and carbon tax, as in Zanni et al. (2013).  
A panel survey company was engaged to run the survey with a target of 1,000 interviews. The survey 
was administered in the second half of August 2016. We have deliberately sought for the recruitment 
of 25% non-car owners so that we can observe the intentions of a set of participants who have 
emissions below the set limit of 4t/year, although our sample consists a higher number of non-car 
owners, indicating this was not binding. The average time taken by the respondents to complete the 
survey was 13 minutes and there was a loss of 17% of the sample due to incorrect or missing entries.  
3.2 Sample characteristics 
Table 1 presents the descriptive statistics. The sample split between regular car users and non-car 
users is 59% and 41%. It is interesting to see that about 76% of the sample has full driving licence but 
only 66% own a car and even fewer 59% use car regularly. The gender split in the sample is 54% male 
and 46% female. Average household size is 2.3 with about half of the sample single and 80% of the 
households without any child. 62% of the sample own their house. Car is the main means of 
commuting to work for about 34% of the respondents. Just over half of the sample is employed either 
part time or full time. About 10% refused to disclose their income, rest of the income distribution is 
shown in Table 1.  
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Table 1. Sample descriptive statistics 
Attribute Levels  Share (%) 
Gender Male  54.2 
Income <20,000 34.0 
20,000-40,000 34.6 
40,000-75,000 17.1 
>75,000 4.7 
Did not answer 9.6 
Employment Full time employed or student 38.8 
Part time employed or student 16.5 
Unemployed 8.8 
Retired  27.4 
Home maker 8.6 
Marital status Single 37.2 
Married or co-habiting 61.4 
Education Below college 41.8 
College 22.0 
University 32.3 
Children Yes 20.0 
Car ownership Owns a car 66.3 
Flying At least one flight 18.0 
Which single one of the following 
statements comes closest to your view? 
Climate change is the result of man's 
activities and urgent action is required to 
reduce emissions 
64.8 
Climate change is happening - but there is 
nothing we can do about it. 
9.4 
Climate change is happening but it is 
overhyped by the media 
21.9 
Climate change is not a problem 3.7 
Individuals should take actions, alongside 
businesses, to reduce the emissions that 
contribute to climate change 
Agree 81.9 
Disagree 6.3 
ŽŶ ?ƚ<ŶŽǁ 11.7 
Were you surprised at the size of your 
carbon footprint 
Yes, higher than I thought 44.7 
No, it was as expected 44.7 
Yes, lower than I thought 10.6 
Did you make any changes to your lifestyle 
to reduce carbon footprint 
Yes 36.6 
No 63.4 
Do you think such a scheme would be 
effective in reducing CO2 emissions 
Yes 23.3 
Not sure 44.9 
No 31.7 
Do you think a PCT (personal carbon 
trading) scheme would change the way you 
use energy or fuel 
Yes definitely 17.6 
Possibly, but depends 39.4 
ŽŶ ?ƚ<ŶŽǁ 16.8 
Unlikely 15.9 
Definitely not 10.3 
Would a PCT (personal carbon trading) 
scheme be acceptable for you 
Yes 23.4 
Not sure 42.7 
No 33.9 
Permit Price £50 31.8 
 £100 34.7 
 £150 33.5 
The averages of personal, leisure and other car miles reported were 2353, 1276 and 679 per annum 
respectively. Only 18% of the respondents were making one or more flights with an average (within 
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these 18%) emission of 3 tonnes from flying. About 45% of the respondents said they were surprised 
by their carbon footprint, 45% said their carbon footprints were as expected and the remaining felt 
that their carbon footprints were below their expectations.  
3.3 Modelling 
One of our primary goals is to investigate the various pathways respondents choose to reduce 
emissions using descriptive statistics. We also investigate through a set of modelling exercise the 
behaviour of participants towards their choices to reduce their emissions under a PCT policy, the 
amount reduced and the acceptability of the PCT scheme. We attempted to run random effects 
models throughout these regressions to account for individual heterogeneity. However, we report the 
random effects model only where the random effects were significant.  
First of the set is a multinomial logit (MNL) regression model to understand the intention whether and 
how to reduce emissions. An MNL model is an extension of simple binary logistic regression but with 
the categorical dependent variable having more than two levels. The dependent variable in this model 
has four outcomes i.e. whether an individual does not reduce energy consumption or reduce only 
from transport, only from domestic uses or from both transport and domestic uses. The reference 
ĐĂƚĞŐŽƌǇ ŝƐ  ‘ĚŽ ŶŽƚ ƌĞĚƵĐĞ ĞŶĞƌŐǇ ĐŽŶƐƵŵƉƚŝŽŶ ? ? dŚĞexplanatory factors are sociodemographic 
characteristics, attitudes and current energy consumption behaviour. The multivariate multinomial 
model (Model 1) takes the form as expressed in equation 1. ሺ݅ሻ ൌ  ୣ୶୮ሺ௓೔ೖǡೕሻ ? ୣ୶୮ሺ௓೔ೖǡ೗ሻೕ೗సభ                                                                                                         (1) 
with    Zik,j = ɲk,j + ɴk,j Xi A?ɸk,j         (2) 
where, Pr(i) = Probability of membership ŝŶĐĂƚĞŐŽƌǇ  ‘ŝ ?at predictor level X, ɲk,j are alternative and 
choice specific ĐŽŶƐƚĂŶƚ ?ɴk,j is a vector of coefficients, xi a vector of predictor variables ĂŶĚɸk,j error 
terms.  
The second regression model (Model 2) measures the influence of sociodemographic characteristics, 
attitudes and current carbon emissions on the possible amount of carbon reduction. This is a random 
effects linear regression, where the dependent variable is the quantity of CO2 savings due to the 
scheme. The model takes the form as expressed in equation 3. 
Y = ɴ0 + ɴ1x1 A?ɴ2x2 A? ? A?ɴnxn + u0 + ɸ                 (3) 
where, Y is the emissions saved, ɴŽŝƐĐŽŶƐƚĂŶƚ ?ɴ1 ƚŽɴn are coefficients and X1 to Xk are the predictor 
variables. u0 is the deviation from the population average ŝŶƚĞƌĐĞƉƚ ? ɸ ŝƐ ƚŚĞ ĞƌƌŽƌ ƚĞƌŵ ?All the 
continuous variables in this model are in logarithms. Model 2 is estimated on the subsample of only 
those who opted to reduce their emissions.  
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The third regression model is an ordered logit model (Model 3) for an ordinal response to measure 
the influence of sociodemographic characteristics, attitudes and current energy consumption on the 
acceptability of PCT scheme. The dependent variable had three ordinal categories  W acceptable, not 
sure, unacceptable. The ordered logit model for an ordinal response Yi with C categories is defined by 
a set of C-1 equations where the cumulative probabilities gci = Pr(YiA?Ǉc|Xi) are related to a linear 
ƉƌĞĚŝĐƚŽƌɴixi A?ɴ0 A?ɴ1x1 A?ɴ2x2 +  ?A?ɴnxn through the logit function as 
Logit(gci ?A?ɲc  W ɴi Xi          (4) 
tŚĞƌĞɲc are thresholds or cutpoints separating the different categories. All of these linear and logistic 
regression models are estimated using STATA SE 14. 
4. Results 
4.1 Distribution of current emissions 
Fig. 1 presents the distribution of total carbon emissions and emissions arising from travel activities 
and in-home energy use. As is possibly expected, there is a wide variation in the carbon emissions 
profile. The average emission over the whole sample is 6.4t/yr, of which emissions from transport is 
3.6t/yr, and emissions from in-home energy use is 2.8t/yr. Before the implementation of the policy, 
86.3% of the respondents emit more than 4t/yr, our initial allocation of carbon permits under the PCT 
policy (Fig. 1a). There are plenty of respondents with no carbon emissions from the transport sector, 
because these households do not own cars (Fig. 1b). For this research, we have ignored carbon 
emissions from the public transport modes. Still, nearly 30.8% respondents exceed their entire 4t/yr 
target through travel activities alone. Around 23.9% of respondents report in-home energy use greater 
than the total 4t/yr target. Fig. 1b also shows that the distribution for in-home energy use (cross-
hatched pattern) is less dispersed (standard. deviation 1.45) than that for transport energy use 
(standard deviation 3.76), indicating a larger heterogeneity in how people travel compared to how 
they use energy in-home. ďŽƵƚ ? ? ?A?ŽĨƚŚĞƌĞƐƉŽŶĚĞŶƚƐ ?ƚƌĂŶƐƉŽƌƚĞŵŝƐƐŝŽŶƐĂƌĞŵŽƌĞƚŚĂŶ ?ƚŝŵĞƐ 
the average transport emissions and ůĞƐƐƚŚĂŶ ?A?ŽĨƚŚĞƌĞƐƉŽŶĚĞŶƚƐ ?ĚŽŵĞƐƚŝĐĞŵŝƐƐŝŽŶƐĂƌĞŵŽƌĞ
than 3 times the average domestic emissions. Around 18.3% of the sample flies once or more in a year 
and about one-fourths of them emit more than the permissible limit of 4t/yr from flying alone.  
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(b) 
Fig 1. Distribution of (a) total personal emissions (sum of transport and in-home energy use), (b) 
personal transport and in-home emissions  
4.2 Emissions reduction under PCT  
Over the whole sample around 76.2% of all respondents stated a reduction in emissions following the 
introduction of a PCT policy, and once the carbon permit prices and associated expenditure are shown 
to them. As expected, those who emit above the 4t/yr of initial allocation are more likely (78.5%, Table 
2) to reduce emissions compared to those who emit below this quantity (61.7%). Once the policy is 
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implemented, everyone benefits from reducing the emissions  W since even those below the carbon 
budget can sell extra permits in the market, generating economic benefit. As such there is an incentive 
for those below the budget to reduce emissions too, which results in a relatively high share of 
respondents reducing emissions, even though they were under the PCT budget. Table 2 also shows 
the willingness to reduce and amounts reduced over the three different permit prices (£50, £100 and 
£250). There is an increasing willingness to reduce emissions at higher permit prices for those 
respondents emitting above the 4t/yr carbon budget, as can be expected from economic theory. For 
those emitting below the budget, the pattern is not as consistent ?ƉŽƐƐŝďůǇ ŝŶĚŝĐĂƚŝŶŐ  ‘ƐĞůůŝŶŐĞǆƚƌĂ 
ƉĞƌŵŝƚ ? ŝƐ ůĞƐƐ ŽĨ ĂŶ ŝŶĐĞŶƚŝǀĞ ĐŽŵƉĂƌĞĚ ƚŽ  ‘ďƵǇŝŶŐ ĞǆƚƌĂ ƉĞƌŵŝƚƐ ? ? ^ƵĐŚ ĂƐǇŵŵĞƚƌŝĐ ƌĞƐƉŽŶƐĞƐ  W 
whereby people value the losses more compared to similar gains  W have been evidenced in other areas 
of consumer behaviour as well (Kahnemann and Tversky 1973, Wadud 2017).  
Fig. 2 presents the distribution of stated reductions in emissions in response to the PCT policy and 
resulting final emissions for all three permit prices combined. It is clear from Fig. 2 (b)  W 2(d) that the 
distribution of post-PCT intended emissions shifts to the left of the original distribution for each of the 
three permit prices. Further exploration shows that among the respondents who were emitting above 
4t/yr initially (86.3%), 20.4% could reduce their emissions to below 4t/yr under a PCT scheme, i.e. 
these respondents will no longer have to purchase additional permits from the market. As such, 68.5% 
of the total respondents (79.6% of those above budget) still have emissions above 4t/yr and opted to 
purchase some permits. This indicates the difficulty in reducing emissions under a fixed budget for 
these households.  
Our key interest is on reductions from transport and in-home energy use. On average, over the whole 
sample and each of the three permit prices, respondents could reduce their transport related 
emissions more as compared to their in-home emissions. A PCT policy would enable the respondents 
to reduce 0.98t/yr from transport and 0.75t/yr from home use (Table 2), with a total reduction of 
1.73t/yr, on average, over the whole sample. Interestingly, the share of respondents who said they 
would reduce emissions from in-home use is marginally larger (66.4%, Table 2) than those who stated 
a reduction from the transport sector (63.4%). Considering the reduction over only those respondents 
who stated a reduction, transport reduction was 1.55t/yr, while reduction from in-home energy use 
was 1.12t/yr. Therefore, in absolute terms, respondents were able to reduce more emissions from the 
transport sector on average. This finding is noticed separately for three different permit prices too. 
Further analysis reveals that nearly 53.6% respondents showed intention to reduce emissions from 
both transport and in-home energy use, 9.7% would reduce from transport only, and 12.8% would 
reduce from domestic energy use only. This clearly shows that respondents prefer to optimize their 
emissions reduction through reducing emissions from both option. Also, further investigation shows 
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(d) 
Fig. 2 (a) Stated reduction of emissions under a PCT scheme; and Initial and final emissions at permit 
prices (b) £50/ton (c) £100/ton and (d) £250/ton 
Table 2. Stated reductions in carbon emissions and average reduction in different sectors  
Subsample %  reducing 
emissions 
% reducing 
emissions 
from 
transport 
% reducing 
emissions 
from in-
home use 
Average reduction from 
transport 
Average reduction from in-
home use 
Whole 
sample 
Only those 
reducing 
Whole 
sample 
Only those 
reducing 
Above 4t 78.5 68.6 68.0 1.12 1.63 0.78 1.15 
@permit 
price £50 
63.5 62.2 61.8 
1.06 1.70 0.64 1.05 
@permit 
price £100 
80.4 71.8 69.4 
1.05 1.46 0.80 1.15 
@permit 
price £250 
82.6 71.1 72.3 
1.25 1.76 0.88 1.22 
Below 4t 61.7 31.3 56.5 0.08 0.28 0.51 0.91 
@permit 
price £50 
63.41 34.1 58.5 
0.097 0.28 0.67 1.14 
@permit 
price £100 
61.11 30.6 58.3 
0.111 0.37 0.45 0.77 
@permit 
price £250 
60.53 28.9 52.6 
0.052 0.18 0.40 0.77 
Overall 76.2 63.4 66.4 0.98 1.55 0.75 1.12 
@permit 
price £50 
70.68 57.9 61.3 
0.91 1.57 0.65 1.06 
@permit 
price £100 
78.01 66.7 68.0 
0.93 1.40 0.76 1.11 
@permit 
price £250 
79.64 65.4 69.6 
1.08 1.66 0.82 1.17 
 
4.3 Model for willingness to reduce emissions  
The group-wise comparisons above offer a broad picture, however they miss the differences in other 
relevant factors or the correlation among the factors that could affect the intended responses or 
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reduction arising from a PCT policy. Especially, given different respondents were given a different 
permit price, these averages have somewhat limited usefulness. As such we run a MNL model to 
understand how different socio-demographic, attitudinal and emissions related factors affect the 
likelihood to reduce emissions under a PCT scheme, as described earlier. The explanatory factors build 
upon those used by Zanni et al. (2013), but are complemented further by additional attitudinal factors 
and initial carbon emission conditions. The respondents are categorized into four groups: reducing 
emissions from only transport, from only in-home energy use and from both; and not reducing at all. 
Table 3 presents the results of the parameter estimates of the MNL model for the probability of the 
respondents falling into the three groups, compared to the base group (those who do not reduce 
emissions at all).  
The probability of a respondent reducing emissions from transport, in-home energy use or both 
decreases if the respondent is male or highly educated. Gender differences in a variety of pro-
environment behaviour is well documented (e.g. Dietz et al. 2002) and support our finding. The effect 
of education appears counter intuitive, yet Akter and Bennett (2011) also found that highly educated 
respondents were less likely to reduce their carbon emissions. In our context, income could be 
correlated with education and as such the education variable may have picked up that effect, or highly 
educated respondents may be involved in a job which requires them to travel more frequently and 
farther distances (e.g. flying), which might make them less inclined to reduce emissions. Age of 
respondent, employment status or presence of children in the household does not affect the 
probability of reducing emissions from any of the three options. Low income also does not have a 
statistically significant effect on the probability to reduce emissions, although this may also be a result 
of collinearity with other similar variables in the model. Home ownership status also does not 
statistically affect the choice of emissions reduction.     
Current emissions profile has a significant effect on the reduction choices. As one may expect, the 
probability to reduce emissions increases ŝĨ ƚŚĞ ƌĞƐƉŽŶĚĞŶƚ ?Ɛ ĞŵŝƐƐŝŽŶƐ ĂƌĞ ĂďŽǀĞ ƚŚĞ ŝŶŝƚŝĂůůǇ
allocated amount of 4t/yr. This follows from the earlier finding using descriptive statistics too. A larger 
share of transport emissions in overall emissions profile has a positive impact on reducing emissions 
from transport (from transport alone, or along with in-home emissions), but decreases the probability 
to reduce emissions from in-home emissions only. A car user is less likely to reduce emissions in the 
domestic front only. Conversely, non-car users are more likely to reduce emissions from in-home 
energy use, as is possibly expected.     
Attitudes and actions related to climate change and receptiveness about the PCT policy have 
substantial effects on the probability to reduce emissions. If respondents believe that climate change 
is a result of human actions then they are more likely to reduce emissions. Those who believe 
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individuals should act to reduce emissions are more likely to reduce emissions from both transport 
and in-home energy use. Respondents who found their emissions were larger than expected are more 
likely to reduce emissions from both transport and in-home energy use. On the other hand, those who 
made some changes to their lifestyle in mitigating carbon emissions are more likely to reduce 
emissions from transport only, and are less likely to reduce emissions from in-home energy use. This 
possibly reflects the relative inflexibility in reducing carbon emissions from in-home energy use, once 
some actions are taken already. Belief that PCT is an acceptable policy increases the probability of 
reducing emissions from any of the three means. Those who believe PCT would be an effective policy 
are more likely to reduce emissions from in-home energy use.  
Table 3 Parameter estimates for the choice to reduce emissions (multinomial logit model)  
From Transport Only From Domestic Only From Transport & 
Domestic 
Parameter Coeff. s.e Coeff. s.e Coeff. s.e 
Constant -2.143 1.394 4.000*** 1.220 0.721 0.961 
Child(ren) in household -0.532 0.411 -0.445 0.430 -0.426 0.278 
Emissions above budget 1.025** 0.527 0.624** 0.379 1.009*** 0.331 
Owns home -0.496 0.307 -0.362 0.311 0.240 0.224 
Car User 0.168 0.304 -2.692*** 0.467 0.398 0.218 
Climate change is result 
of human actions 0.887*** 0.346 1.250*** 0.352 0.754*** 0.230 
Individuals should act to 
reduce emissions (Agree) 0.107 0.408 -0.121 0.395 0.618*** 0.270 
CO2 higher than expected 0.200 0.294 -0.233 0.303 0.555*** 0.207 
Already made some 
changes to lifestyle 0.610*** 0.306 -0.647** 0.341 0.001 0.221 
Employed full time  0.315 0.338 0.075 0.344 0.132 0.236 
Male -1.010*** 0.291 -0.560** 0.294 -0.759*** 0.206 
Have university degree -0.683*** 0.293 -0.517** 0.289 -0.378** 0.204 
Low income 0.205 0.327 -0.288 0.325 -0.043 0.231 
Permit Price per tonne 0.002 0.002 0.004*** 0.002 0.002** 0.001 
Share of transport 
emissions in total 2.591*** 0.681 -1.504*** 0.664 2.502*** 0.482 
Age of participant 0.008 0.013 -0.014 0.013 -0.004 0.009 
PCT would be effective 
(Yes) 0.357 0.492 -0.989*** 0.432 -0.719*** 0.329 
PCT acceptable (Yes) -1.156*** 0.458 -0.786** 0.438 -0.872*** 0.338 
 
Number of Observations  834 
 Mc Fadden R2 0.236 
Log Likelihood  -743.36 
**, *** significant at 90% and 95% level respectively 
Permit prices also affect the choices. Table 3 shows that a higher permit price increases the probability 
of reducing emissions from either in-home energy use or both transport and in-home energy use, but 
it does not affect reduction solely from transport. This is not surprising, demand for transport fuel has 
been known to be quite price inelastic (Wadud et al. 2009, 2010).   
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4.4 Model for intended reduction in emissions 
The average reductions in Table 2 also have the same limitations as mentioned in 4.3. As such we run 
a second regression model  W as described in 3.3  W which correlates the factors that affect the quantity 
of emissions reduction for respondents who opted to reduce emissions, the results of which are 
presented in Table 4. Among the socio-economic characteristics only age, gender, low income 
indicator and home ownership have statistically significant effect on the amount of CO2 reduction. 
Interestingly, although male respondents are less likely to reduce emissions (Table 3), those who do 
reduce, reduce more compared to female respondents. This possibly reflects the use of larger cars 
that could be downsized, presence of discretionary activities that could be cut down or a willingness 
to engage in domestic retrofitting type activities by men. Low income respondents reduce less 
compared to others, which possibly suggests lack of alternatives to carbon-intensive travelling or 
unaffordability of energy technology measures. Emissions reduction decreases with increasing 
respondent age. Respondents who own their homes reduce more, compared to those who do not, 
possibly reflecting better opportunities to reduce in-home emissions. Permit prices have no 
statistically significant effect on the amount reduced, supporting previous literature (Bristow et al. 
2010). As expected, respondents who emit above the initially allocated carbon budget reduce more 
compared to those who do not. Positive attitude toward climate change results in a larger reduction, 
too. Also, respondents who found that their carbon footprint was larger than what they expected 
reduced more.  
Table 4. Parameter estimates for the overall amount of emission reduction (random effects model) 
 Random Effects Regression 
Explanatory factors Coeff. s.e 
Constant 0.442 0.890 
Reduce only transport emissions -1.277*** 0.140 
Reduce only in-home emissions -0.635*** 0.150 
Age of participant (log) -0.465*** 0.190 
Permit Price per tonne (log) 0.017 0.070 
Emissions above budget  0.624*** 0.161 
Owns home 0.187** 0.105 
Child(ren) in household -0.001 0.124 
Car User 0.145 0.108 
Climate change is result of human 
actions 
0.105 
0.115 
Individuals should act to reduce 
emissions (Agree) 
0.301** 
0.153 
CO2 higher than expected 0.229*** 0.093 
Already made some changes to 
lifestyle 
0.232*** 
0.097 
Employed full time  0.189** 0.107 
Male 0.236*** 0.093 
Have university degree 0.074 0.096 
Low income -0.218** 0.109 
Wadud & Chintakayala/Leeds; Personal carbon trading: in-home v transport; Ecological Economics; 2019  
17 
 
PCT would be effective (Yes) 0.161 0.124 
PCT acceptable (Yes) 0.014 0.127 
   
Random-effects Parameter   
Variance(Residual) 1.286*** 0.072 
   
No. of observations 635 
Loglikelihood -980.90 
**, *** significant at 90% and 95% level respectively 
Our key interest for this model is to understand the reductions through various options chosen: from 
transport only, from in-home only and from both. After controlling for the other factors, respondents 
who reduce from transport only or in-home only, reduce less (both negative parameter estimates) 
compared to the respondents that reduce emissions from transport and in-home energy use. 
Respondents who reduce emissions from in-home energy use only reduce more (less negative) than 
those who reduce from transport only. This may appear contradictory to the averages in Table 2, but 
can be explained by  W a) Table 2 numbers include respondents who reduce from both transport and 
in-home energy use and b) Table 2 numbers do not control for other factors that also differ between 
the groups.  
4.5 Current emissions and ease of reduction under PCT 
In addition to modelling the willingness to reduce emissions and amount of reduction, we are 
interested in understanding the mechanisms behind the reduction or willingness to reduce. As such 
we asked the respondents not only how they would reduce emissions, but also how easy or difficult 
they think it would be to reduce emissions from transport and in-home energy use. We also separate 
the in-home carbon reduction measures into two categories: short run behavioural means (e.g. 
through switching off lights, not using half-loaded washing machines etc.) and long run technological 
means (e.g. replacing an existing boiler with a more energy efficient one, insulation of the roof, etc.). 
Fig. 3 presents the summary responses, categorized against current emissions (whether above or 
below 4t/yr) across three different means of reducing emissions. No substantial differences are 
observed between the above- and below-budget groups of respondents for transport emission 
reductions. However, for in-home energy use reductions through behavioural means, 33.6% of the 
higher emitting respondents would find it easy or very easy, compared to 28.7% emitting below that 
amount. Similarly, a larger share of high-emitting respondents (30.2%) will be able to easily install 
energy efficiency or renewable energy technologies compared to those emitting below (26.1%). The 
share who would find it difficult remains the same between the above and below groups for both in-
home reduction choices. Although the share of respondents who find the reduction to be easy or very 
easy are roughly similar for all three broad options, the share is larger for those who find it difficult or 
very difficult to reduce their transport energy use (25.8%) compared to in-home energy use (17.3% 
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and 16.7%). This indicates that more than one-fourths of all respondents are possibly captive transport 
users with little options to reduce their transport-related carbon emissions, highlighting the 
differences among respondents opportunities to reduce emissions.  
 
 
 
 
 
 
 
 
 
 
Fig. 3 Ease of reducing emissions from three broad options: transport and in-home through 
behavioural and energy technologies measures 
4.6 Reduction in transport emissions under PCT 
Table 5 investigates the reduction possibilities in transport in more detail, with respect to the share of 
transport emissions, share of emissions from flying and car ownership. A larger share (29.6%) of high 
transport emitters (those having transport emissions more than half of total emissions) find it difficult 
to reduce their transport emissions, compared to low transport emitters. However, those high 
emitters who can reduce their transport emissions, reduce significantly more (1.68t/yr on average) 
compared to low emitters (0.34t/yr).  
Further exploration shows that around 9% of the respondents have flying responsible for more than 
one-quarter of their emissions. More than half of them (51.4% in Table 5, or 4.6% of total sample) find 
it easy or very easy to reduce emissions from transport. Overall, respondents with large flying 
emissions, on average, can reduce 5.46t/year, which represents 66% of their total (transport + in-
home) emissions on average. Flying is a very carbon-intensive activity and as such air travel makes up 
a large share of emissions for these respondents. The large reduction is possible as air travel is likely 
discretionary that can be foregone or substituted easily.  
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Table 5. Stated reduction in transport emissions under a PCT policy for different groups  
 
Total>4t budget? Transport>50% Flying>25% Owns car?  
Yes No Yes No Yes No Yes No 
Net transport saving 1.12 0.08 1.68 0.34 5.46 0.53 1.26 0.43 
Transport saving as % 
of average transport 
emissions 
23.96 15.65 25.75 17.96 66.29 17.23 26.42 12.35 
Share of respondents 
finding it difficult to 
reduce transport 
emissions 
- - 71.2 67.2 48.6 69.5 71.7 63.8 
Share of respondents 
finding it very easy 
/easy to reduce 
transport emissions 
  28.8 32.8 51.4 30.5 
 
28.3 36.2 
 
Share of respondents who find it difficult to reduce emissions from the transport related energy use 
are similar (25.2-26.2%), irrespective of whether they own a car or not. Further investigation shows 
that a smaller share of car owners (28%) find it easy to reduce transport emissions compared to those 
who do not own a car (36.2%). After the carbon permit prices were shown and the respondents were 
informed of the saving or additional costs, car owners opted to reduce their transport emissions by 
1.26t/yr on average, which is around 26.4% of average total emissions. Those who do not own a car 
(but could still have flying emissions and/or use cars as second drivers) could reduce only 0.43t/yr., 
the saving coming from reducing flying. This indicates that although a lower share of car owners could 
reduce emissions easily, they could reduce substantially more in quantity compared to non-car 
owners. This is possible since car owners have two different set of opportunities to reduce emissions 
 W by reducing car travel (mode switch, work from home, etc.) and by driving more efficiently (purchase 
a hybrid or an electric or a fuel efficient car, drive smoothly, etc.) compared to non-car owners who 
can only reduce their travel by a limited amount (no opportunities for substantial mode switch). For 
example, Fig. 4 presents the substitute travel options preferred by the respondents in reducing their 
travel. Clearly a smaller share of non-car owning respondents can choose these opportunities 
compared to car owners. Among car owning respondents above the 4t/yr budget and opting to reduce 
at least a part of their emissions, more than 55% said that they would drive more smoothly and 
maintain vehicle and monitor tyre pressure regularly to reduce carbon emissions. 39.6% also opt to 
purchase a more fuel efficient vehicle while 18.8% show an inclination toward a hybrid or electric 
vehicle for their next purchase. None of these options to reduce emissions are available to non-car 
owners.   
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Fig. 4 Alternate measures taken to reduce travel related carbon emissions   
4.7 Reduction in in-home emissions under PCT 
Table 5 presents the reduction possibilities in the in-home sector in more detail  W both for short term 
behavioural adaptations and longer term energy technology related reductions. In general, average 
reductions from technology related measures are between three to four times larger than those from 
shorter term behavioural options, although a lower share of respondents opted for longer term 
measures (38.1%) compared to short term measures (60.7%). This is expected given the smaller 
potential to reduce emissions by behavioural means (e.g. switching off lights, not using washing-
machines at half-load, etc.). Respondents above the 4t carbon budget are inclined to reduce their 
emissions substantially more (0.29t/yr) compared to those below the budget. Although the low 
emitting respondents would not have to buy additional permits, some still opted to reduce emissions 
 W ƚŚŝƐĐŽƵůĚďĞĂƌĞƐƵůƚŽĨƚŚĞWdƉŽůŝĐǇ ?ƐƐŽ-called psychological impact or of the economic effect 
that by reducing further, the households can sell extra permits.  
Savings through behavioural means do not vary substantially for different groups defined by the share 
of in-home emissions or ownership of properties  W between 0.12t/yr to 0.16t/yr. However, 
respondents who own their properties reduce their emissions using energy technology measures 
marginally more than those in rented properties. This follows the expectation that people would not 
be willing to invest in technologies or have the authority to install technologies in rented properties. 
Similarly, marginally smaller number of property owners find is difficult to reduce emissions through 
energy technologies, compared to the others.  
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Table 6. Stated reduction in in-home emissions under a PCT policy for different groups  
 Total>4t budget In-home>50% Property ownership 
 Yes No Yes No Owned Rented Other 
Short term, behavioural savings 0.17 0.11 0.15 0.16 0.16 0.16 0.12 
Long term, technology related savings 0.67 0.38 0.61 0.57 0.63 0.54 0.44 
All in-home savings 0.84 0.49 0.76 0.73 0.79 0.70 0.56 
Short term, behavioural saving as % of 
average domestic emissions 6.07 3.93 5.36 5.71 5.71 5.71 4.29 
Long term, technology related saving as 
% of average domestic emissions 23.93 13.57 21.79 20.36 22.50 19.29 15.71 
All in-home savings as % of average 
domestic emissions 30.00 17.50 27.14 26.07 28.21 25.00 20.00 
Share of respondents finding it difficult 
to reduce in-home emissions through 
behavioural means 
- - 17.0 18.8 17.4 16.9 20.0 
Share of respondents finding it difficult 
to reduce in-home emissions through 
energy technology 
- - 15.8 17.8 15.8 17.6 22.5 
 
4.8 Model for acceptability of the PCT policy  
Although around three-fourths (76.2%) of the respondents reduced their emissions in response to the 
policy, that does not mean the policy was popular or acceptable. Descriptive statistics show that 
among the respondents who were emitting more than the allocated amount of permits, only 18.9% 
found it acceptable, and 37.6% found it unacceptable. The acceptance rate was naturally larger for 
those below the initial allocation, but still only 36%, which is somewhat surprising as these households 
would benefit from the policy. There were also around 24% of respondents with below 4t/yr 
emissions, who found the PCT policy to be unacceptable. Note that the question on acceptability was 
asked after the respondents have been shown the permit prices and after they have made the 
necessary adjustments in their energy consumption behaviours.  
The acceptability of the PCT policy is explored further in Table 6, which presents the results of an 
ordered logistic regression, where the dependent variable has three ordinal categories  W acceptable, 
not sure, unacceptable. Results show that those who found their emissions were larger than the 
allocated 4t/yr are less likely to find the policy acceptable. Respondents who were surprised by their 
emissions (to be higher than they expected) were more likely to find the policy acceptable. This 
ŝŶĚŝĐĂƚĞƐƚŚĞŝŵƉŽƌƚĂŶĐĞŽĨĂĐĐƵƌĂƚĞŬŶŽǁůĞĚŐĞŽĨŽŶĞ ?ƐĐĂƌďŽŶĨŽŽƚƉƌŝŶƚ ?ZĞƐƉŽŶĚents who believe 
climate change is an issue, agree that immediate action is required, or have made some lifestyle 
changes already are more receptive to the PCT policy. Those who have children are more likely to 
accept the policy, but other socio-economic characteristics such as education, employment, gender 
do not have any statistically significant impact on the acceptability of the policy. This is not surprising, 
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given many of these variables possibly form the attitudes about climate change, which are already 
included in the model.   
Table 7. Acceptability of the PCT policy (ordinal logistic regression) 
Explanatory variable Coeff. s.e 
Child(ren) in household 0.342** 0.187 
Emissions above budget  -1.181*** 0.223 
Owns home -0.183 0.152 
Car User -0.012 0.151 
Climate change is result of human actions 0.949*** 0.165 
Individuals should act to reduce emissions (Agree) 0.634*** 0.202 
CO2 higher than expected 0.332*** 0.140 
Already made some changes to lifestyle 0.492*** 0.146 
Employed full time  0.226 0.161 
Male -0.009 0.139 
Have university degree 0.044 0.139 
Low income 0.078 0.162 
Age of participant -0.007 0.006 
Permit Price per tonne 0.000 0.001 
Share of transport emissions in total -0.154 0.318 
   
Thresholds   
Between unacceptable & not sure -0.691 0.467 
Between not sure and acceptable 1.489*** 0.470 
   
No. of observations 834  
LR chi2(15) 175.93  
Prob > chi2 0.00  
McFadden R2 0.098  
Log likelihood - 803.96  
**, *** significant at 90% and 95% level respectively 
 
5. Conclusions 
This paper investigates the potential carbon reduction pathways from households under a personal 
carbon trading policy. As opposed to previous studies, which primarily investigate transport or in-
home emissions separately, our focus was on a PCT covering both these emissions, which offers more 
flexibility and thus provide more efficient reduction. Around three-fourths of all the survey 
respondents opted to reduce their emissions, and the share is higher (nearly four-fifths) for those 
emitting more than the target allocation amount. Across all respondents over the three permit prices 
average intended reduction was 23%, which is larger than what a previous study has found (13.3% in 
Zanni et al. 2013, which had a very small sample).  
Despite reducing some emissions, a large share (79.6%) of the respondents above the allowance limit  
still had to purchase some permits to cover at least part of their emissions, indicating the limits to 
reducing emissions for these respondents. However, this also points to the advantage offered by the 
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PCT policy whereby respondents can opt to choose their optimum amount of reduction and then buy 
permits to cover the rest.  
Our primary focus was on how people trade-off or complement their emissions reduction options 
from transport and in-home energy use, when subjected to a PCT policy covering both. The least 
amount of reduction came from those reducing from transport only, followed by those reducing from 
in-home energy use only. These respondents were clearly constrained in reducing emissions from in-
home energy use or transport energy use respectively. A PCT policy addressing only in-home (or 
transport) emissions would have put these respondents in a difficult position. On the other hand, the 
majority (53.6%) of the respondents opted to reduce emissions from both transport and in-home 
energy use activities. These respondents could also reduce their emissions the most. This clearly hints 
at the flexibility offered by a PCT covering both transport and in-home energy use, and reinforces the 
benefits of covering both the emissions together, compared to covering them separately under a PCT 
scheme.  
On average car-owners could reduce their transport emissions substantially more compared to non-
car owners. Similarly, a large share of respondents who fly a lot could reduce their transport emissions 
substantially. This indicates the relative ease for these respondents to substitute or reduce car trips 
or flights to reduce transport emissions. At the same time, around one-fourth of the respondents find 
it difficult or very difficult to reduce emissions from their transport energy use. This again reflects the 
differences in opportunities or flexibility to reduce carbon emissions among the respondents. An equal 
permit allocation therefore may not necessarily be the fairest allocation.  
For emissions reduction from in-home energy use, longer term energy efficiency or renewable energy 
technologies result in larger reductions, compared to short-term behavioural responses to PCT. As 
such, although a smaller share of the respondents are inclined to reduce their emissions using the 
capital intensive energy technology options, their average intended reduction is much higher 
compared to those from short term, primarily behavioural, responses.  
Permit prices have a small effect on the choice to reduce emissions but did not have any influence on 
the amount reduced afterwards. Gender appears to be the only demographic factor that affects both 
the choice to reduce emissions and also the amount reduced. In general, attitude toward climate 
change appears more important in reducing emissions while responding to a PCT policy.  
While nearly three-fourths of the respondents expressed a willingness to reduce their emissions, the 
policy was not universally popular. Even among the respondents who had emissions below the initial 
allocation, i.e. those who would financially benefit from PCT, only around a third found the policy 
acceptable, while one-fourths still found it unacceptable. This is especially important since 
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distributional burdens are often used as a measure of public acceptability of a policy and all the 
households below the initial allocation would have been assumed to be in favour of the policy using 
this metric (e.g. Wadud 2011). Our results show that such a simplified metric for acceptability could 
lead to incorrect conclusions.  
Closely connected to the PCT scheme is the issue of embedded carbon. So far in this study, we have 
included only the direct emissions from personal transport and in-home energy use activities. 
However, it is possible (albeit resource-intensive) to calculate the embedded carbon of every 
consumption good and as such including them in a PCT scheme. Especially including food choices 
within the PCT scheme could give the consumers further options to reduce their consumption-based 
emissions, given the large carbon footprint of meat products (Audsley et al. 2009). While the design, 
monitoring and administration of a PCT covering all embedded and direct emissions would most likely 
be more challenging compared to a direct emissions approach, such a policy would clearly offer even 
more flexibility to the consumers in reducing their emissions.    
One element of personal tradable permits that needs further investigation is the effects of permit 
prices and the potential for its increase. A substantial share of respondents reduce their emissions and 
still purchase permits from the market. This indicates that people prefer to reduce emissions initially, 
however as the easier options to reduce emissions are exhausted, they start to buy permits. The 
increased demand combined with the fixed supply of permits would likely increase prices of the 
permits further and induce some further reduction. This important feature has not been included here 
(or in any past studies) and future experiments should be designed in a way such that every 
ƌĞƐƉŽŶĚĞŶƚ ?ƐĂĐƚŝŽŶĂĨĨĞĐƚƐƚŚĞĐŽŵďŝŶĞĚŵĂƌŬĞƚƉƌŝĐĞŽĨƚŚĞƉĞƌŵŝƚƐ ? 
Acknowledgements 
The authors thank the ĨƵŶĚŝŶŐƉƌŽǀŝĚĞĚďǇƚŚĞƵƌŽƉĞĂŶhŶŝŽŶ ?Ɛ&ƌĂŵĞǁŽƌŬ ?Marie Curie Career 
Integration Grant ModeRATED Policy (Modelling residential and transport energy demand for 
downstream policies) for the first author.    
Authors 
Zia Wadud, University of Leeds, z.wadud@leeds.ac.uk 
Phani Kumar Chintakayala, University of Leeds 
References 
Ahlheim M and Schneider F 2002. Allowing for household preferences in emission trading: A 
contribution to climate policy debate, Environmental and Resource Economics, 21, 317-342 
Wadud & Chintakayala/Leeds; Personal carbon trading: in-home v transport; Ecological Economics; 2019  
25 
 
Akter S and Bennett J 2011. Household perceptions of climate change and preferences for mitigation 
action: the case of the carbon pollution reduction scheme in Australia, Climatic Change 109, 3-4, 417-
436 
Audsley E, Brander M, Chatterton J, Murphy-Bokern D, Webster C and Williams A 2009. How low can 
we go? An assessment of greenhouse gas emissions from the UK food system and the scope to reduce 
them by 2050. FCRN-WWF-UK 
Bristow AL, Wardman M, Zanni AM and Chintakayala PK 2010. Public acceptability of personal carbon 
trading and carbon tax, Ecological Economics, 69, 1824-1837 
Burgess M 2016. Personal carbon allowances: A revised model to alleviate distributional issues, 
Ecological Economics, 130, 316-327 
Dietz T, Kalof L and Stern PC 2002. Gender, values and environmentalism, Social Science Quarterly, 
March, 353-364 
Fell D and King G 2012. Domestic energy use study: to understand why comparable households use 
different amounts of energy, Final report to the Department for Energy and Climate Change, London 
&Z ? ? ? ? ?^ǇŶƚŚĞƐŝƐƌĞƉŽƌƚŽŶƚŚĞĨŝŶĚŝŶŐƐĨƌŽŵĞĨƌĂ ?ƐƉƌĞ-feasibility study into personal carbon 
trading, Department for Environment, Food and Rural Affairs, London 
Eyre N 2010. Policing carbon: design and enforcement options for personal carbon trading, Climate 
Policy, 10:4, 432-446 
Fan J, Li J, Wu Y, Wang S and Zhao D 2016. The effects of allowance price on energy demand under a 
personal carbon trading scheme, Applied Energy, 170, 242-249 
Fan J, Wang S, Wu Y, Li J and Zhao D 2015a. Buffer effect and price effect of a personal carbon trading 
scheme, Energy, 82, 601-610 
Fan J, Wang S, Wu Y, Li J and Zhao D 2015b. Energy use choices and allowance trading under the 
personal carbon trading scheme, Natural Resource Modeling, 28(1), 1-17 
Fawcett T 2010. Personal carbon trading: A policy ahead of its time? Energy Policy, 38, 6868-6876 
Fleming D 1997. Tradable quotas: Using information technology to cap national carbon emissions, 
European Environment, 7, 139-148 
Howell RA 2012. Living with a carbon allowance: The experiences of Carbon Rationing Action groups 
and implications for policy, Energy Policy, 41, 250-258 
Wadud & Chintakayala/Leeds; Personal carbon trading: in-home v transport; Ecological Economics; 2019  
26 
 
Kahneman D and Tversky A 1979. Prospect theory: an analysis of decision under risk. Econometrica, 
47 (2), 263 W291. 
Li Y, he H, Fan J, Shi X and Zhao D 2017. Can personal gasoline permit trading be effective? An 
investigation into permit demand, Journal of Cleaner Production, 142, 98-108 
Lockwood M 2010. The economics of personal carbon trading, Climate Policy, 10:4, 447-461 
McNamara D and Caulfield B 2013. Examining the impact of carbon price changes under a personalised 
carbon trading scheme for transport, Transport Policy, 30, 238-253 
Owen L, Edgar L, Prince S and Doble C 2008. Personal Carbon Trading: Public Acceptability. Opinion 
Leader and Enviros Consulting Report for the Department for Environment, Food and Rural Affairs, 
London. 
Parag Y and Eyre N 2010. Barriers to personal carbon trading in the policy arena, Climate Policy, 10:4, 
353-368 
Parag Y and Strickland D 2011. Personal carbon trading: A radical policy option for reducing emissions 
from the domestic sector, Environment: Science and Policy for Sustainable Development, 53:1, 29-37  
Pizer WA 1999. The optimal choice of climate change policy in the presence of uncertainty, Resource 
and Energy Economics, Vol. 21, pp. 255-287. 
Raux, C., 2004. The use of transferable permits in transport policy. Transportation Research Part D, 9, 
185 W197. 
Raux C and Marlot G 2005. A system of tradable CO2 permit applied to fuel consumption by motorists, 
Transport Policy, 12(3), 255-265 
Raux C, Croissant Y and Pons D 2015. Would personal carbon trading reduce travel emissions more 
effectively than a carbon tax? Transportation Research Part D, 35, 72-83 
Starkey R 2012. Personal carbon trading: A critical survey, Part 1: Equity, Ecological Economics, 73, 7-
18 
Stavins R 1998. What can we learn from the grand policy experiment? Lessons from SO2 allowance 
trading, Journal of Economic Perspectives, Vol. 12, No. 3, pp. 69-88. 
Tietenberg T 2006. Emissions Trading Principles and Practice, Resources for the Future, 2nd edition, 
Washington DC 
Wadud Z 2008. Personal Tradable Carbon Permits for Road Transport: Heterogeneity of Demand 
Responses and Distributional Analysis, PhD dissertation, Imperial College London 
Wadud & Chintakayala/Leeds; Personal carbon trading: in-home v transport; Ecological Economics; 2019  
27 
 
Wadud Z 2011. Personal tradable carbon permits for road transport; Why, why not and who wins? 
Transportation Research Part A: Policy and Practice, 45, 1052-1065 
Wadud Z 2017. Asymmetry in transport fuel demand: evidence from household level data, 
Transportation Research Part D, 57, 277-286 
Wadud Z and Guhnemann A 2016. ĂƌďŽŶĂŶĚEŽŝƐĞƚƌĂĚŝŶŐŝŶǀŝĂƚŝŽŶ ? ?ŶĐǇĐůŽƉĂĞĚŝĂŽĨĞƌŽƐƉĂĐĞ
Engineering, John Wiley & Sons, Ltd. doi: 10.1002/9780470686652.eae1077 
Wadud Z, Graham DJ and Noland RB 2009. Modeling fuel demand for different socio-economic groups, 
Applied Energy, 86 (2), 2740-2749 
Wadud Z, Graham DJ and Noland RB 2010. Gasoline demand with heterogeneity in household 
responses, The Energy Journal, 31 (1), 47-73 
Wadud Z, Noland RB and Graham DJ 2008. Equity analysis of personal tradable carbon permits for the 
road transport sector, Environmental Science and Policy, 11, 533-544 
Weitzman M 1974. Prices vs. quantities, Review of Economic Studies, 41, 477-491 
White V and Thumim J 2009. Moderating the distributional impacts of personal carbon trading, Centre 
for Sustainable Energy, Bristol 
Yang D and Timmermans H 2017. Households transport-home energy conservation strategies in 
response to energy price policies; A stated adaptation experiment based on portfolio choices and cross 
effects designs, International Journal of Sustainable Transportation, 11:2, 133-147 
Zanni AM, Bristow AL and Wardman M 2013. The potential behavioural effect of personal carbon 
trading: results from an experimental survey, Journal of Environmental Economics and Policy, 2(2), 
222-243 
 
 
 
